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Experimental 

Crystal data 

[Ni(HC0 2 ) 2 (C 14 H 12 N 2 )(H 2 0)]-H 2 0 

M, = 393.03 

Triclinic, PI 

a = 7.3992 (15) A 

b = 10.373 (2) A 

c = 11.442 (2) A 

a = 82.42 (3)° 

B = 81.77 (3)° 

Data collection 

Rigaku R-AXIS RAPID 
diffractometer 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
T min = 0.750, r maI = 0.821 

Refinement 

R[F 2 > 2a(F 2 )] = 0.035 

wR(F 2 ) = 0.118 

S = 1.22 

3785 reflections 



y = 76.10 (3)° 
V = 839.3 (3) A 3 
Z = 2 

Mo Ka radiation 
li = 1.19 mm -1 
T = 298 K 

0.30 x 0.20 x 0.15 mm 



8265 measured reflections 
3785 independent reflections 
3214 reflections with / > 2a(l) 
R in , = 0.025 



226 parameters 

H-atom parameters constrained 
A/w = 0.69 e A~ 3 
Ap mi „ = -0.67 e A~ 3 



The asymmetric unit of the title compound, [Ni(HC0 2 )2- 
(Ci4H 12 N 2 )(H 2 0)]-H 2 0, contains a mononuclear complex 
molecule hydrogen bonded to a lattice water molecule. The 
Ni 11 atom exhibits a distorted octahedral coordination 
geometry formed by the N atoms from a 2,9-dimethyl-l,10- 
phenanthroline ligand, two O atoms of a chelating formate 
anion, one aqua O atom and one O atom of a coordinating 
formate anion. The molecules are assembled into chains 
extending along [100] through by O— H- ■ O hydrogen bonds. 
The supramolecular chains are further linked into layers 
parallel to (011) by weak tt-tt packing interactions [centroid- 
centroid separation = 3.768 (2) A]. The resulting layers are 
stacked to meet the requirement of close-packing patterns. 

Related literature 

For general background to supramolecular architectures, see: 
Moulton & Zaworotko (2001); Aakeroy & Seddon (1993). For 
related structures, see: Go et al. (2004); Wang et al. (2006); Ni 
et al. (2011). 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 




D—H 


H-A 


D-A 


D-H-A 


05-H51- 


■04 ! 


0.8ft 


1.85 


2.703 (3) 


173.3 


05-H52- 


■06" 


0.84 


2.03 


2.808 (4) 


154.2 


06-H61- 


•02" 


0.85 


1.98 


2.830 (4) 


179.3 


06-H62- 


■03 iv 


0.85 


2.43 


3.077 (4) 


133.4 


Symmetry 


codes: (i 


) x+i,y,z; 


ii) -x + 2, -y, 


-z + l; (iii) 


x, y, z — 1; (iv) 


-x + l,-y 


-Z + l. 











Data collection: RAPID-AUTO (Rigaku, 1998); cell refinement: 
RAPID-AUTO; data reduction: CrystalStructure (Rigaku/MSC, 
2004); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 
2008); molecular graphics: SHELXTL (Sheldrick, 2008); software 
used to prepare material for publication: SHELXTL. 

This work was supported by the Huzhou Municipal Foun- 
dation of Science and Technology (2011 GG15) and the 
Foundation of the Education Department of Zhejiang 
Province (ZC200805662). 



H,0 




OOCH 



H,0 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: ZK2016). 
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Aqua(2,9-dimethyl-140-phenanthroline-/c 2 A^,A^)diformato-/c 2 O,O';A:O-nickel(II) monohydrate 
P. Xia, J.-L. Lin and S.-L. Ni 

Comment 

In the past decade, a variety of supramolecular architectures based on non-covalent intermolecular interactions such as hy- 
drogen bonding, van der Walls forces and jt-jt interactions have been achieved by using transition metal centers and organic 
ligands due to their possible intriguing structural topologies and potential applications in optics, catalysis, ion exchange, gas 
storage, and the molecular-based magnetic materials (Aakeroy & Seddon, 1993). Carboxylate ligands have been actively 
utilized as construction units to obtain lots of supramolecular complexes (Moulton & Zaworotko, 2001). In the paper, we 

are interested in self-assemblies of Ni 11 ions and 2,9'-dimethyl-l,10'-phenanthroline with formic acid, leading to success- 
ful preparation of a complex [Ni(HC02)2(Ci4Hi2N2)(H20)].H20. The asymmetric unit of the title compound consists of 

one Ni 11 ion, one H2O molecule, one 2,9'-dimethyl-l,10'-phenanthroline molecule, one 0,(7-chelated formate anion and 
another coordinated formate anion, and one lattice H2O molecule(Fig. 1). It's worth to mention, the tetragonal plane is built 
up by a pair of bidentate formate anions using carboxyl oxygen atoms (Ni-Ol = 2.148 (3) A, Ni-02 = 2.150 (3) A) and 
by a neutral 2,9'-dimethyl-l,10'-phenanthroline molecule using nitrogen atoms(Ni-Nl = 2.087 (3) A, Ni-N2 = 2.076 (3) 

A). (Table. 1). The four atoms around Ni 11 are almost coplanar and show deviations from -0.093 (2) to 0.092 (2) A with 
the average plane, the axial positions are occupied by a pair of oxygen originating from H2O (Ni-05 = 2.067 (3) A) and 
formate anion (Ni-03 = 2.046 (2) A), significantly shorter than the Ni-Ol or Ni-02 bond distance, which are similar to 
those observed in related complexes with carboxylate complexes(Go et ah, 2004; Wang et ah, 2006; Ni et ah, 2011). The 
selected bond angles of Ol-Ni-02, Nl-Ni-N2, 03-Ni-05 are 81.5 (1) °, 61.0 (1) °, and 175.9 (1) °, respectively. For 
two formate anions, the angle (Ol-Cl-02, 122.0 (3) °) of chelated formate is smaller than coordinated (03-C2-04, 127.6 
(3) A). The 2,9'-dimethyl-l, lO'-phenanthroline ligand are almost coplanar with the mean square deviations 0.0158 A, the 
water molecule is not coordinated to Ni atom and the distance between nickel and water oxygen atom of 7.146 (2) A. 

The molecules are assembled into one-dimensional chains extending along the [100] direction through 05— H51— 04 , 

05-H52-06 #2 , 06-H61-02 #3 and 06-H61-03 #4 hydrogen bonds(#l = x + l,y, z; #2 = -x + 2, -y, -z + 1; #3 = x, y, z 
- 1; #4 = -x + 1, -y, -z + l)(Table.2), the double chains are further linked into two-dimensional layers which parallel to (011) 
by weak 71-71 packing interaction(ring centroid separation, 3.768 (2) A). (Fig. 2). The resulting layers are stacked to meet 
the requirement of close-packing patterns. 

Experimental 

Dropwise addition of 2.0 ml of 1.0 mol.l" 1 aqueous Na2C03 to a stirred aqueous solation of NiS04.7H20 (0.2876 g, 1.0 

mmol) in 5.0 ml H2O produced a green precipitate, Ni(OH)2-2x(C03) x .yH20, which was centrifuged and washed with water 

2 

until no SO4 " anions were detected in the supernatant. The precipitate was added to a stirred aqueous ethanolic solution 

of 2,9'-dimethyl-l,10'-phenanthroline in 15 ml EtOH-ITjO (2:1, v/v). And then, 2.0 ml of 1.0 mol.r'aqueous formalic 
acid was dropwise added to above mixture and stirred continuously until dissolved of the green precipitate. The green 
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solution (pH = 3.37) was allowed to stand at room temperature. Slow evaporation during two weeks afforded green block 
crystals(yield:42%). 

Refinement 

All H-atoms bonded to C were positioned geometrically and refined using a riding model with d(C-H) = 0.093 A calculated 
positionand were refined using a riding, £/j S0 (H) = 1.2 U e q(C) for aromatic, 0.93 A, £/j S0 (H) = 1.2 C/ eq (C) for CH and 0.96 
A, (7i S0 (H) = 1.5 U e n(C) for CH3 atoms. H atoms attached to O atoms were found in a difference Fourier synthesisand were 
refined using a riding model, with the O-H distances fixed as initially found and with (7i S0 (H) values set at 1.2 C/eq(0). 



Figures 




Fig. 1. ORTEP view of the title compound. The dispalcement ellipsoids are drawn at 45% 
probability level. 



Fig. 2. two-dimensional layer structure link through hydrogen bonds and ji-ji packing interac- 
tions of the title compound 



Aqua(2,9'-dimethyl-1,10'-phenanthroline-K iV,iV)diformato- k 0,0';KO-nickel(ll) monohydrate 



Crystal data 

[Ni(HC0 2 ) 2 (Ci 4 H 12 N 2 )(H 2 0)]-H 2 0 

M,-= 393.03 

Triclinic, PI 

Hall symbol: -P 1 

a = 7.3992 (15) A 

6 = 10.373 (2) A 

c= 11.442 (2) A 

a = 82.42 (3)° 

(3 = 81.77 (3)° 

y = 76.10(3)° 

V= 839.3 (3) A 3 



-3 



Z = 2 

,F(000) = 408 
D x = 1.555 MgnT 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 25 reflections 
6 = 3.1-27.4° 

H = 1.19 mm -1 

T=298K 

Block, green 

0.30 x 0.20 x 0.15 mm 



Data collection 
Rigaku R-AXIS RAPID 



3785 independent reflections 
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diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

co scans 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
r min = 0.750, T max = 0.821 
8265 measured reflections 



32 14 reflections with / > 2c(7) 
R int = 0.025 

^max — 27.4°, 0 m j n — 3.1° 

h = -9^8 

* = -13->13 
/ = -14-*14 



Refinement 
Refinement on F 2 
Least-squares matrix: full 
i?[F 2 > 2(7(7^)] = 0.035 

wR(F 2 ) = 0.118 

5= 1.22 
3785 reflections 
226 parameters 
0 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = 1/[g 2 (F 0 2 ) + (0.0328F) 2 + 1.2744P] 

where F = (F 0 2 + 2F c 2 )/3 

(A/o) max = 0.001 

Ap max = 0.69eA- 3 

Ap m i„ = -0.67 e A~ 3 
Extinction correction: SHELXL 

Extinction coefficient: 0.0015 (3) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement ofF 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 

2 2 2 

al ic-factors R are based on F, with F set to zero for negative F . The threshold expression of F > a(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 
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TT- *ITJ 


Ni 


0.77473 (5) 


0.18268 (4) 


0.77154 (3) 


0.02776 (13) 


Ol 


0.8178 (4) 


-0.0310(2) 


0.7920 (3) 
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02 


0.7827 (4) 


0.0786 (3) 


0.9468 (2) 


0.0494 (6) 


CI 


0.8093 (6) 


-0.0283 (4) 


0.9011 (4) 


0.0535 (10) 


H1A 


0.8232 


-0.1082 
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0.064* 


03 


0.4915 (3) 


0.1977 (2) 


0.7917(2) 


0.0395 (5) 


04 


0.2105 (3) 


0.3030 (3) 


0.8671 (2) 


0.0485 (6) 


C2 


0.3833 (5) 


0.2772 (4) 


0.8554 (3) 


0.0418(8) 
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0.4386 
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0.8997 


0.050* 
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Atomic displacement parameters (A 2 ) 
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U.Ujo ^Z J 


A AC 7 /7\ 

U.UjZ (ZJ 


A A/1 C S-t \ 

U.U40 (Z J 


A A 1 C C / 1 Q\ 

U.U1 J J yly) 


A AAQ/1 /I Q\ 

U.UUv4 (loj 


A A7TC /I Q\ 

U.UZ3 J y\-o) 


C1U 


A AT *T 1 / 1 Q\ 

U.UJOl (loj 


A AC A /7\ 

U.UjU (ZJ 


A AT CT / 1 7\ 

U.UJ J j yl / ) 


A A1 AT (\ C\ 

U.U1U3 ^ 1 J) 


A AA/C7 /'I /1\ 

u.uuo/ ^i^j 


A AA7 1 ( 1 C\ 

U.UU / I (1 


CI 1 


A ACT /1\ 

0.057 (2) 


A A*7C /"?\ 

0.075 (3) 


0.0253 (17) 


A A 1 A 

-0.014 (2) 


A AA O/C / 1 

-0.0086 (16) 


A AAT "7/1 H\ 

0.0037 (17) 


C12 


0.062 (3) 


0.074 (3) 


0.0280 (17) 


-0.021 (2) 


-0.0083 (16) 


-0.0125 (17) 


C13 


0.0382 (18) 


0.0484 (19) 


0.0346 (17) 


-0.0101 (15) 


-0.0039 (13) 


-0.0165 (14) 


C14 


0.085 (3) 


0.057 (2) 


0.052 (2) 


-0.030 (2) 


-0.009 (2) 


-0.0245 (19) 


C15 


0.0275 (15) 


0.0337 (15) 


0.0304(15) 


-0.0087 (12) 


-0.0043 (12) 


0.0016(12) 


C16 


0.0304(15) 


0.0274 (14) 


0.0335 (15) 


-0.0106 (12) 


-0.0021 (12) 


-0.0006 (11) 



Geometric parameters (A, °) 








Ni— 03 


2.046 (2) 


C3— H3C 


0.9600 


Ni— 05 


2.066 (2) 


C4— C5 


1.405 (5) 


Ni— N2 


2.076 (2) 


C5— C6 


1.352 (6) 


Ni— NI 


2.087 (2) 


C5— H5A 


0.9300 


Ni— Ol 


2.148 (3) 


C6— C7 


1.406 (5) 


Ni— 02 


2.150 (2) 


C6 — H6A 


0.9300 


Ni— CI 


2.457 (4) 


C7— C16 


1.403 (4) 


Ol— CI 


1.244 (5) 


C7— C8 


1.429 (5) 


02— CI 


1.249 (5) 


C8— C9 


1.341 (6) 


CI— H1A 


0.9300 


C8— H8A 


0.9300 


03— C2 


1.235 (4) 


C9— C10 


1.428 (5) 


04— C2 


1.233 (4) 


C9— H9A 


0.9300 


C2— H2A 


0.9300 


C10— C15 


1.399 (4) 


05— H52 


0.8426 


C10— CI 1 


1.408 (5) 


05— H51 


0.8597 


Cll— C12 


1.354 (6) 


06— H61 


0.8524 


Cll— H11A 


0.9300 


06— H62 


0.8469 


C12— C13 


1.406(5) 


NI— C4 


1.337 (4) 


C12— H12A 


0.9300 


NI— C16 


1.370 (4) 


C13— C14 


1.495 (5) 


N2— C13 


1.334 (4) 


C14— H14A 


0.9600 


N2— CI 5 


1.359 (4) 


C 14— HUB 


0.9600 


C3— C4 


1.497 (5) 


C14— H14C 


0.9600 


C3— H3A 


0.9600 


C15— C16 


1.444 (4) 


C3— H3B 


0.9600 






03— Ni— 05 


175.85 (9) 


C4— C3— H3C 


109.5 


03— Ni— N2 


88.19(10) 


H3A— C3— H3C 


109.5 


05— Ni— N2 


90.52 (10) 


H3B— C3— H3C 


109.5 


03— Ni— NI 


97.19(10) 


NI— C4— C5 


121.0 (3) 


05— Ni— NI 


86.51 (10) 


NI— C4— C3 


119.0 (3) 


N2— Ni— NI 


81.48(10) 


C5— C4— C3 


119.9 (3) 


03— Ni— Ol 


89.42 (11) 


C6— C5— C4 


121.0 (3) 
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XT' P 1 

Uj — JN 1 — U 1 


8/. 32 (11) 


\n \t; pi 

JNZ — JNl — Ul 


1 1 A A"7 /I 1\ 
11U.U/ (11) 


m 1 w; 1 
JN 1 — JNl — Ul 


100. yO (1U) 


/-va xt: m 
U3 — JN l — UZ 


QQ 1"7 (\\ \ 
66. 3 /(ll) 


pc xt; t \~) 
Uj — JN 1 — UZ 


(V) TO ^ 1 1 \ 

yz.zy (ii) 


JN Z — JN 1 — <JZ 


1 "7 A A1 ( 1 A\ 
1 /U.43 (1U) 


m 1 m; 

JN 1 — JNl — UZ 


1U /.62 (1U) 


Ul — JNl — UZ 


/rr> Q-7 / 1 1 \ 

ou.y / (ii) 


no xt; /-i i 
U3 — JN 1 — C 1 


66.63 (13) 


Uj — JN 1 — C 1 


on /;/; /ill 
8y.00 (13) 


\n xt; /-i i 

JNZ — JN 1 — CI 


14U.41 (13) 


Mi xt; n 

JN 1 — JNl — CI 


136. Ul (12) 


p i xt; pi 

Ul — JNl — CI 


3U.42 (12) 


( \~\ xt; ( • i 

UZ — JN 1 — C 1 


3U.D4 (12) 


P i pi xt; 

CI — Ul — JNl 


oo /; n\ 
66.0 (2) 


CI — Uz — Ni 


88.4 (2) 


p i pi p-> 
Ul — CI — UZ 


111 A 

122.U (3) 


Ul — CI — JNl 


/:a ai / 1 n\ 

ou.y3 (iy) 


r\"i / • i xt; 
UZ — CI — JNl 


/: 1 ai /i o\ 
01.U3 (18) 


f~\ 1 /~1 1 T T 1 A 

Ul — CI — H1A 


119.0 


Pl1 P 1 III A 

UZ — CI — hllA 


1 1 A A 

ny.u 


xt: pi ni A 

JNl — CI — hllA 


1 "7A "7 

1 Iy. 1 


PO Pi xt; 

Cz — U3 — JN l 


121.0 (2) 


Pl A PI PI 

U4 — Cz — U3 


12 /.0 (3) 


pi a pi i n * 
U4 — Cz — hlZA 


110.2 


U3 — CZ — rlZA 


1 1 7 

110.2 


\r: pc l IC1 

JN 1 — Uj — hi jZ 


110.4 


\r: pc iic i 

JNl — Uj — rlj 1 


1 1 1 A 

1 1 1 .y 


I I C "> PC IIC 1 

HdZ — U j — tiD 1 


1 A/1 A 

iu4.y 


rio 1 — Uo — rioZ 


1 n o 
132.6 


P /I XT 1 pi / 

C4 — JN 1 — CI o 


1 1 o a n\ 
118.4 (3) 


/~m mi xt; 
C4 — JN 1 — JNl 


13U.5 (2) 


^1 £. xt 1 xt; 
Clo — JN 1 — JNl 


1 1 A O O / 1 A\ 

11U.88 (iy) 


CI 3— N2— CI 5 


118.9 (3) 


CI 3— N2— Ni 


129.2 (2) 


CI 5— N2— Ni 


111.95 (19) 


C4 — C3 — H3A 


109.5 


C4— C3— H3B 


109.5 


H3A — C3 — H3B 


109.5 



p /: PC IIC A 

Co — Cj — hljA 


i iy.j 


p A pc TTC A 

C4 — CD — HjA 


i iy.j 


PC P/C p-7 

CD — Co — C / 


1 1 n c {i\ 
liy.O (3) 


f • c p/: l 1/ a 

Cj — Co — 1 LoA 


1 on o 
1ZU.Z 


p-7 p /" it/- a 

C / — Co — hloA 


1ZU.Z 


p 1 /: p-7 p/: 

C 1 o — C / — Co 


inn (i\ 
11 / .U (3) 


p i /z CH po 

C 1 o — C / — Co 


1 1 Q (1 cx\ 

i ly.o \5 ) 


p /; p-7 po 

Co — C / — Co 


1Z3.4 (3) 


PO po p-7 

Cy — Co — c / 


1Z1.Z (3) 


pn po i i o a 

Cv — Co — 1 loA 


1 1 fl A 

i iy.4 


p-7 po TTO A 

C / — Co — hloA 


i iy.4 


p o pn pin 

c o — cy — c i u 


izu.y (3) 


p o pn i in a 

Co — cy — hiyA 


i ly.o 


plft pn TTHA 

C 1 0 — C9 — H9 A 


119.6 


p|f pin /i| 1 

C15 — CIO — Cll 


1 1 n 1 /t\ 

117.1 (3) 


c 1 5 — c i o — cy 


ny. / (3) 


pi i /~i 1 A /^A 

cii — cio — cy 


1Z3.Z (3) 


rn n i /~i 1 a 
C12 — Cll — C10 


1 1 n & s?\ 
liy.O (3) 


rn n i ui i a 
C12 — Cll — HI 1A 


1ZU.Z 


pin n i ui i a 
C10 — Cll — HI 1A 


1ZU.Z 


pn pit n i 
Cll — C12 — CI 3 


1 on c 
IZU.j (3 ) 


n i pn uha 
Cll — C12 — H12A 


ny.o 


pn pn unA 
C13 — C12 — H12A 


nn o 

ny.o 


ivn pn p 1 i 
N2 — CI 3 — C12 


1^1 r\ fi \ 
1Z1.U (3) 


xn p 1 1 p i /i 
JN2 — C13 — C14 


1 1 O 1 

llo.Z (3) 


pn pn pn 
C12 — C13 — C14 


1ZU.0 (3) 


pn P1/1 TT1/1A 

C13 — C14 — H14A 


109.5 


pn pn uno 
C13 — C14 — H14B 


1 AO C 

iuy.j 


ul A A pu unr> 
H 1 4A — C 1 4 H 1 4hs 


1 AO C 

iuy.j 


pn pn unp 
C13 — C14 — H14C 


1 nn c 

iuy.j 


U1 A A PU ui AP 

H 1 4A — C 1 4 H 1 4C 


1 nn c 

iuy.j 


uno pn ui ap 
H 1 4hs — C 1 4 — H 1 4C 


1 nn c 

iuy.j 


TVTT P 1 C P 1 A 

N2 — C15 — CIO 


122.y (3) 


N2— C15— C16 


117.6 (3) 


CIO— C15— C16 


119.5 (3) 


NI— C16— C7 


123.0 (3) 


NI— C16— C15 


118.0 (3) 


C7— CI 6— CI 5 


119.0 (3) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D—A D—H-A 

05— HM-CM 1 0.86 1.85 2.703 (3) 173.3 

05— 1152-06" 0.84 2.03 2.808 (4) 154.2 

06— H61-02 iii 0.85 1.98 2.830 (4) 179.3 
06— H62-03 iv 0.85 2.43 3.077 (4) 133.4 
Symmetry codes: (i) x+l,y, z; (ii) -x+2, -y, -z+ 1 ; (iii) x, y,z-\; (iv) -x+ 1 , -y, -z+ 1 . 
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